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(54) Bearing device and spindle motor provided with the bearing device 



(57) A bearing device where a sliding bearing rotat- 
ably supporting a shaft is molded with an inexpensive 
sintered material, three asymmetrical circular arc- 
shaped radial bearings are formed in the inner periph- 
eral surface of the shaft, taper land-shaped thrust bear- 
ings are formed in the opposite end surfaces of the 
radial bearing surface, T-shaped bubble removing 
means which is constituted by axial and radial flow pas- 
sages formed in the shaft opposed to the radial bearing 
is provided, and magnetic fluid is used as a lubricant. A 
magnetic disk unit using the bearing device is also dis- 
closed. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a bearing device s 
using a dynamic-pressure bearing where a lubricant is 
sealed to the bearing surface and also relates to a spin- 
dle motor provided with the bearing device. 

In most of the spindle motors used in information 
equipment, ball bearings have been employed for sup- io 
porting a rotating body. However, the ball bearing has 
limitations on high-accurate rotation and high-speed 
rotation and has become an obstacle to the high-accu- 
rate and high-speed operation of information equip- 
ment. When, on the other hand, a rotating body is is 
supported by a sliding bearing, very high accurate rota- 
tion is possible because the rotating body can be sup- 
ported by a film of dynamic-pressure oil with non- 
contact, and the sliding bearing is suitable for high- 
speed rotation. 20 

A bearing device adopting the sliding bearing is dis- 
closed, for example, in Japanese Patent Unexamined 
Publication No. 61-201916. In this publication, axial and 
radial gaps are provided between a rotational shaft and 
a housing as a means of preventing axial and radial 25 
vibrations, and magnetic fluid is sealed in the gaps so 
that the rotational shaft can be rotatably supported. In 
addition, seal devices are provided on the opposite 
ends of the housing, and step-shaped bearing-force 
generating members are provided on the surface and 30 
the opposite ends of the rotational shaft. With the 
dynamic-pressure effect caused by rotation, accuracy of 
rotation is stably maintained while suppressing vibra- 
tion. 

Although a sliding bearing is not employed, in Jap- 35 
anese Utility Model Unexamined Publication No. 3- 
117120 there is disclosed a method of lubricating a 
radial bearing. A rotational shaft is made hollow and one 
end thereof is immersed in an oil collecting portion pro- 
vided in the lower portion of the radial bearing. Oil is 40 
drawn up by the pumping effect caused due to rotation 
and is supplied to holes opened at positions corre- 
sponding to upper and lower radial bearings, whereby 
the lubrication of the radial bearings disposed on upper 
and lower sides of the rotational shaft is performed. 45 

In addition, in Japanese Patent Unexamined Publi- 
cation No. 6-187720 there is disclosed a structure 
where a pre-load is applied to a spindle in the radial 
direction by a magnetic pre-load device disposed 
eccentrically with respect to the spindle to enhance the so 
rigidity of the bearing. Axial and radial flow passages 
are provided in the spindle. One end of the axial flow 
passage is communicated with the surface of a thrust 
bearing, and the radial flow passage is communicated 
with the oil chamber and the space between upper and ss 
lower radial bearings. A lubricant is supplied from one 
end of the axial flow passage to the bearing portion and 
then sealed with a plug. 

When the spindle is supported by the sliding bear- 



ing, the spindle needs to be positioned in the radial and 
axial directions and also radial and thrust bearings are 
needed as a means of preventing vibration, and a lubri- 
cant is sealed by using a seal device in the radial and 
thrust bearings. 

On the other hand, when the spindle is assembled 
or the lubricant is sealed, there is the problem that air 
remains on the bearing portion and bubbles flow to the 
sliding surface of the bearing. In this case, the oil film 
breaks on the bearing surface, the rigidity is remarkably 
reduced, and unstable vibration occurs. If temperature 
rises, bubbles will grow and this tendency will be further 
accelerated. 

In the aforementioned technique disclosed in Japa- 
nese Patent Unexamined Publication No. 61-201916, 
the rigidity of the oil film is increased by the dynamic- 
pressure effect of the step-shaped bearing-force gener- 
ating groove to enhance accuracy of rotation, however, 
a means of removing bubbles from the bearing during 
rotation is not provided. Therefore, if air particles remain 
unremoved in the bearing when a lubricant is sealed, 
the air particles will grow into bubbles. As a result, there 
is the possibility that the bubbles flow to the lubrication 
surface, impede the dynamic-pressure effect of the 
bearing-force generating groove, reduce the rigidity of 
the lubricant, and give rise to unstable vibration. 

In the aforementioned technique disclosed in Japa- 
nese Utility Model Unexamined Publication No. 3- 
117120, a lubricating oil is drawn from the end of the 
hollow shaft by the pumping effect caused due to rota- 
tion and is supplied to the ball bearing, and the problem 
of the dynamic pressure reduction in the bearing portion 
caused by bubbles does not exist. Therefore, this tech- 
nique pays no regard to the means for removing bub- 
bles. 

In the aforementioned technique disclosed in Japa- 
nese Patent Unexamined Publication No. 6-187720, 
axial and radial flow passages are provided in a spindle, 
and a lubricant is supplied from one end of the spindle 
to radial and thrust bearings and then sealed with a 
plug. The other end of the spindle is disposed in contact 
with the thrust bearing, so when the spindle is rotated, a 
pumping effect of sucking the lubricant from the other 
end of the spindle into the axial flow passage cannot be 
expected. Therefore, the axial and radial flow passages 
do not serve as a means of removing bubbles. 

OBJECT AND SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
bearing device and a spindle motor which are capable 
of forming a suitable pressure distribution, enhancing 
bearing rigidity, and obtaining very accurate rotational 
performance by forming a lubricant which is suitable for 
the dynamic-pressure generating portion of a sliding 
bearing. 

Another object of the present invention is to provide 
magnetic disk units, optical disk units, laser beam print- 
ers, and video tape recorders where the reliability of 
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device operation is better, by making a bearing device 
provided in a device or a spindle motor so that the rota- 
tion is obtained with a high degree of accuracy. 

To achieve the aforementioned objects, in a bearing 
device rotatably supporting a shaft by a sliding bearing s 
where a lubricant is sealed, there is provided bubble 
removing means which is operated by rotation of the 
shaft and removes bubbles from a bearing surface of 
the sliding bearing. 

In the bearing device, a first flow passage may be to 
formed in the shaft along a rotational axis direction of 
the shaft, and a second flow passage may be con- 
nected from the first flow passage to the outer periph- 
eral surface of the shaft opposed to a bearing surface of 
the sliding bearing. Furthermore, an end of the first flow is 
passage opposite to the second flow passage may be 
connected to an opening provided in one end surface of 
the shaft, and the bearing surface and the opening may 
be connected by a third flow passage. 

The third flow passage may be provided as a lubri- 20 
cant sink which covers the end surface of the shaft in 
which the opening is provided. 

In addition, in a bearing device which comprises a 
shaft fitted in a hub and a sliding bearing contacted 
internally with a housing and rotatably supports the 25 
shaft, the bearing device according to the present inven- 
tion further comprises: 

a radial bearing with dynamic-pressure generating 
means provided in either an inner peripheral sur- 30 
face of the sliding bearing or an outer peripheral 
surface of the shaft; 

a first thrust bearing having a bearing surface pro- 
vided at one end on the hub side of the radial bear- 
ing so as to be opposed to a boss end surface of 35 
the hub and also having dynamic-pressure generat- 
ing means provided on either the bearing surface or 
the boss end surface; 
a flange provided on an end of the shaft; 
a second thrust bearing having a bearing surface 40 
provided at the other end of the radial bearing so as 
to be opposed to a surface on the hub side of the 
flange and also having dynamic-pressure generat- 
ing means provided on either the bearing surface or 
the flange surface opposed to the bearing surface; 45 
first and second flow passages formed in the shaft, 
the first flow passage extending along the rotational 
axis direction of the shaft and being opened at the 
end of the shaft opposite to the end of the shaft fit- 
ted in the hub, and the second flow passage being so 
connected from the first flow passage to the outer 
peripheral surface of the shaft opposed to the bear- 
ing surface of the sliding bearing; 
a space formed by the flange and the housing 
around the end surface of the shaft on which the ss 
flange is provided, the space being connected to 
the surface of the second thrust bearing; and 
a lubricant sealed in the bearing surface and the 
space. 



The space may be formed by a seal cap firmly 
attached to the housing. 

In the aforementioned bearing devices, a bubble 
guide groove may be provided in either the outer periph- 
eral surface of the shaft or the sliding bearing (or the 
inner peripheral surface of the radial bearing). 

In the aforementioned bearing devices, the second 
flow passage may comprise a plurality of flow passages 
provided in the rotational axis direction of the shaft. 

In the aforementioned bearing devices, a spiral 
groove may be formed in the surface of the first flow 
passage so that the lubricant is sucked from the open- 
ing provided in the shaft end surface into the first flow 
passage by rotation of the shaft. 

In the aforementioned bearing devices, the second 
flow passage may comprise a plurality of flow passages 
which extend from the first flow passage in the radial 
direction of the shaft and which are disposed on the 
outer peripheral surface of the shaft at equal intervals. 

In the aforementioned bearing devices, it is prefera- 
ble that a diameter ratio of the diameter of the shaft to 
the diameter of the hub is set to a range of 0. 1 5 to 0.25 
and a diameter ratio of the diameter of the first flow pas- 
sage to the diameter of the shaft is set to a range of 0.3 
to 0.6. 

Also, in order to achieve the aforementioned 
objects, the aforementioned spindle motor is used for 
rotating the disks of a magnetic disk unit. 

In addition, in order to achieve the aforementioned 
objects, the bearing device according to the present 
invention is used in a motor which drives the polygon 
mirror of a laser beam printer. Therefore, a laser beam 
printer where a stable image is obtained is obtainable. 

Furthermore, the aforementioned spindle motor is 
used for rotating the cylinder of a video tape recorder. 

In the present invention, magnetic fluid may be 
used as a lubricant. 

It is difficult to completely remove the bubbles 
remaining in a bearing. However, even if bubbles remain 
unremoved more or less, the spindle motor constructed 
as described above can prevent bubbles from going into 
the dynamic-pressure generating portion of the sliding 
surface of the bearing during rotation by the bubble 
removing means provided in the bearing. That is, if a 
shaft is rotated, a pumping effect will be caused by the 
axial passage provided in the shaft and the radial pas- 
sage extending from the axial passage to the outer 
peripheral surface of the shaft opposed to the sliding 
surface of the bearing. With this pumping effect, the 
lubricant is sucked from the lubricant sink (or lubricant 
passage) provided in the shaft end through the opening 
formed in the shaft end and is discharged into the bear- 
ing. 

At this time, the lubricant with a large specific grav- 
ity flows to the sliding surface of the bearing by centrifu- 
gal force, but, on the other hand, air with a small specific 
gravity which remains in the bearing becomes small 
bubbles. The small bubbles float to the low-pressure 
side of the bearing and is discharged outside the bear- 
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ing. 

Thus, in the present invention, bubbles whose spe- 
cific gravity is small are slowly moved by the centrifugal 
bubble separating effect of the bubble removing device 
with respect to the flow of the magnetic fluid whose spe- 
cific gravity is large, and the bubbles are discharged 
from the sliding surface of the bearing. Then, the bub- 
bles stay near the end of the shaft or in the flow pas- 
sages provided in the shaft, but there is no possibility 
that the bubbles are reintroduced into the bearing. 

For this reason, no bubbles are contained in the 
lubricant or the magnetic fluid in the gap of the sliding 
surface of the bearing and the dynamic-pressure gener- 
ating portion. Therefore, even if temperature changed 
due to a rise in the temperature or a change in the oper- 
ating environment during the operation of the device, 
the change in the rigidity of the bearing would be mini- 
mized by the change in the viscosity of the lubricant or 
the magnetic fluid and therefore a break in the oil film 
could be prevented. Because the oil film is stably 
formed on the sliding surface of the bearing, shaft vibra- 
tion can be suppressed and very accurate rotational 
performance can be maintained. Also, the abnormal 
temperature rise due to the break in the oil film can be 
prevented, and the evaporation of the lubricant or the 
magnetic fluid and an acceleration in the deterioration 
can be prevented. 

If the shaft diameter ratio of the shaft to the diame- 
ter of the hub is made small, the rigidity will be reduced. 
If, on the other hand, the shaft diameter ratio is 
increased, the volume of a motor which is provided in 
the hub will be limited. Therefore, it is preferable that a 
diameter ratio of the diameter of the shaft to the diame- 
ter of the hub is set to 0.2. In practical use, rt is prefera- 
ble that the diameter ratio of the shaft is set in the range 
of 0.15 to 0.25. In addition, if the diameter of the first 
flow passage to the diameter of the shaft is increased, 
the bubble removing efficiency will be enhanced and the 
loss in the bearing portion will be reduced, however, the 
efficiency will soon saturate. Also, if the diameter of the 
first flow passage is further increased, the rigidity of the 
shaft will be reduced. Hence, it is preferable that a diam- 
eter ratio of the diameter of the first flow passage to the 
diameter of the shaft is set to the range of 0.3 to 0.6. 

In addition, if the aforementioned bearing device or 
the spindle motor using the bearing device is applied to 
magnetic disk units, optical disk units, laser beam print- 
ers, and video tape recorders, the operating character- 
istic of each device will become stable and the better 
reliability of device operation can be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects and advantages will 
become apparent from the following detailed descrip- 
tion when read in conjunction with the accompanying 
drawings wherein: 

Fig. 1 is a vertical sectional view of a spindle motor 



of an embodiment of the present invention; 

Fig. 2 is a plan view of the sliding bearing shown in 

Fig. 1; 

Fig. 3 is a sectional view taken substantially along 
5 line A-A of Fig. 2; 

Figs. 4A, 4B, and 4C are sectional views showing 
the function of the bubble removing device shown in 
Fig. 1; 

Figs. 5A and 5B are diagrams used to explain a 
10 dynamic-pressure distribution which occurs in three 
asymmetrical circular-arc bearing portions of the 
present invention; 

Figs. 6A and 6B are diagrams used to explain a 
dynamic-pressure distribution which occurs in a 
15 taper land bearing portion of the present invention; 
Fig. 7 is a vertical sectional view showing a bubble 
removing device of a second embodiment of the 
present invention; 

Fig. 8 is a vertical sectional view showing a bubble 
20 removing device of a third embodiment of the 
present invention; 

Fig. 9 is a vertical sectional view showing a bubble 
removing device of a fourth embodiment of the 
present invention; 
25 Fig. 1 0 is a vertical sectional view showing a bubble 
removing device of a fifth embodiment of the 
present invention; 

Fig. 1 1 is a sectional view taken substantially along 
line C-Cof Fig. 10; 
30 Fig. 12 is a diagram showing the disposition of 
radial flow passages with respect to an axial flow 
passage in accordance with a sixth embodiment of 
the present invention; 

Fig. 13 is a vertical sectional view showing the 
35 rotating part of a spindle motor of a seventh embod- 
iment of the present invention; 
Figs. 14A and 14B are characteristic diagrams 
showing the relation of rigidity, motor volume, loss, 
and circulation quantity with respect to spindle 
40 diameter ratio in accordance with an eighth embod- 
iment of the present invention; 
Fig. 15 is a part-sectional view of a thrust bearing 
portion of a ninth embodiment of the present inven- 
tion; 

45 Fig. 16 is a part-sectional view of a thrust bearing 
portion of a tenth embodiment of the present inven- 
tion; 

Fig. 1 7 is a vertical sectional view of a spindle motor 
of an eleventh embodiment of the present inven- 
50 tion; and 

Fig. 18 is a vertical sectional view of a magnetic 
disk unit of the present invention. 

DESCRIPTION OF THE EMBODIMENTS 

55 

A preferred embodiment of the present invention 
will hereinafter be described with reference to Figs. 1 
through 3. 

Fig. 1 is a longitudinal sectional view of a spindle 
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motor for a magnetic disk unit, constructed in accord- 
ance with the present invention. In the figure a shaft 2 is 
inserted and fixed to the boss portion 3 of a hub 2 on 
which magnetic disks 25 are mounted. A sliding bearing 
4 is provided on the inner peripheral side of a housing 5, 
which is located inside the hub 1 . The inner peripheral 
portion and the opposite end portions of the sliding 
bearing 4 are constituted by a radial bearing 4a and 
thrust bearings 4b and 4c, respectively, and these bear- 
ings are integrally formed. The radial bearing 4a sup- 
ports the hub 1 through the small gap between the 
radial bearing 4a and the shaft 2 so that the hub 1 can 
freely rotate. 

A stator 1 12 is attached to the outer peripheral por- 
tion of the housing 5 fixed to a base plate 11. A rotor 
magnet 113 is firmly attached to the inner peripheral 
surface of the hub 1 opposed to the stator 11 2. The sta- 
tor 112 and the rotor magnet 113 constitute a motor 14 
which rotates the hub 1 . 

One end of the sliding bearing 4 is disposed in 
opposition to the end of the boss portion 3 of the hub 1 
through a small gap and the other end is disposed in 
opposition to a thrust plate 6 fixed to the end of the shaft 
2 through a small gap. With this disposition, the oppo- 
site ends of the sliding bearing 4 perform the axial posi- 
tioning of the hub 1 and serve as thrust bearings 4b and 
4c which support weights, such as the hub 1 and the 
magnetic disks 25. The magnetic disks 25 are clamped 
through a spacer 27 by a clamp 26. 

In the space where the radial bearing 4a and the 
thrust bearings 4b and 4c are disposed, magnetic fluid 
13 is sealed as a lubricant. A seal cap 10 is provided on 
the lower portion of the shaft 2 and hermetically fixed to 
the other end of the housing 5 by means of a screw or 
an adhesive, whereby the leakage of the magnetic fluid 
13 to the outside is prevented. 

On the other hand, on one end of the housing 5 
there is provided a magnetic fluid seal 15. The magnetic 
fluid seal 15 forms a magnetic circuit between the outer 
peripheral surface of the boss portion 3 of the permea- 
ble hub 1 and the housing 5. The magnetic circuit cap- 
tures the magnetic fluid 13 sealed in the gap between 
the outer peripheral surface of the boss portion 3 and 
the magnetic fluid seal 15 and prevents the magnetic 
fluid 13 from flowing out to the outside. In this way, the 
magnetic fluid 13 in the inside of the bearing 4 is sealed 
by the magnetic fluid seal 15 and the seal cap 10, and it 
is used both as a lubricant and for sealing itself. 

The aforementioned embodiment of the present 
invention is constituted by a bearing device provided 
with a T-shaped bubble removing device 9, where an 
axial flow passage 7 extends from the center of the 
other end of the rotating shaft 2 in the axial direction and 
a radial flow passage 8 perpendicularly crossing the 
axial flow passage 7 is penetrated and formed at a posi- 
tion opposed to the sliding surface of the radial bearing 
4a. Note that the radial flow passage 8 may comprise a 
single flow passage, but it is preferable that a plurality of 
radial flow passages are provided at regular intervals on 



the circumference of the shaft 2 and also that the flow 
passage area is reduced with respect to the axial flow 
passage 7, because the radial flow passages can 
exhibit the function of the bubble removing device 9 
5 more effectively. 

Fig. 2 shows a plan view of the sliding bearing 4 
and Fig. 3 shows a sectional view taken along line A-A 
of Fig. 2. 

The sliding bearing 4 is molded into a sleeve shape 

10 with a die by using a sintered powder alloy which is very 
cheap in material cost or a plastic material, and 
dynamic-pressure generating means 1 6 and 1 7 are pro- 
vided on the inner peripheral surface and opposite end 
surfaces of the sliding bearing 4 so as to exhibit 

is dynamic pressure effects by rotation, respectively. The 
dynamic-pressure generating means can be easily 
formed by forming three asymmetrical circular-arc 
grooves 16 in the radial bearing 4a and symmetrical 
taper land grooves 17 in the thrust bearings 4b and 4c 

20 with dies. In addition, in the respective circular arc 
grooves 16 and taper land grooves 17, oil supply mech- 
anisms 18a and 18b are provided at three equally- 
spaced positions in the axial and radial directions so 
that the magnetic fluid 13 can be easily introduced to 

25 the sliding surface. 

Next, the motion of the magnetic-disk spindle motor 
constructed in the aforementioned way and the opera- 
tion will be described by using Figs. 4A, 4B and 4C 
which show the details of the "e" portion of Fig. 1 . 

30 If the coil of the stator 1 12 is conducted, the rotor 
magnet 113 will undergo a rotational force, and the hub 
1 having the magnetic disks 25 mounted thereon and 
the shaft 2 will rotate. When the bearing 4 is at a stand- 
still, the residual air at the time of assembling the motor 

35 becomes bubbles 19 as shown in Fig. 4A and the bub- 
bles 19 are sealed into the magnetic fluid 13. These 
bubbles 19 cannot be simply diminished, although the 
magnetic fluid 1 3 is heated and the viscosity is reduced 
in order to remove bubbles when the magnetic fluid 13 

40 is introduced. In addition, the air particles which are 
originally contained in the magnetic fluid oil or the air 
particles which have been left in the pore portion of the 
porous sintered material of the bearing 4 are collected 
onto the surface of the bearing by temperature change 

45 or rotation of the shaft 2, and the collected air particles 
grow into bubbles 19, so the bubbles cannot be simply 
removed. 

If the shaft 2 is rotated, the bubble removing device 
9 is operated as shown in Fig. 4B. Because of the 

so pumping effect of the bubble removing device 9, the 
magnetic fluid 13 is sucked from the axial flow passage 
7 opened in the end of the shaft 2 and is discharged 
from the radial flow passage 8 to the inner peripheral 
surface of the bearing 4, as shown by an arrow A. When 

55 this occurs, the magnetic fluid 1 3 with a large specific 
gravity flows to the radial bearing 4a of the bearing 4 
due to a difference of specific gravity caused by centrif- 
ugal force. However, bubbles 19 with a small specific 
gravity, which remain unremoved within the bearing 4, 
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become small bubbles and float from the oil supply 
grooves 18a and 18b through the radial flow passages 
to the low-pressure side as shown by an arrow B. The 
bubbles 19 are discharged from the end of the axial flow 
passage 7 to the outside of the bearing. Then, the bub- 
bles 19 stay near the entrance of the end of the shaft 2 
as shown in Fig. 4C but there is no possibility that the 
bubbles are reintroduced into the bearing. 

Thus, because bubbles 19 are not contained 
between the sliding surface of the bearing and the shaft 
or in the magnetic fluid 13 of the dynamic-pressure gen- 
erating portion during the operation of the bubble 
removing device 9, stable oil film is formed. 

The state of occurrence of the oil film pressure will 
be described with Figs. 5A, 5B, 6A and 6B. Figs. 5A and 
5B show the oil film pressure distribution on the radial 
bearing, while Figs. 6A and 6B show the oil film pres- 
sure distribution on the thrust bearing surface. 

As shown in Figs. 5A and 5B, three asymmetrical 
circular-arc grooves 13 of a shape such as the gap 
between the shaft 2 and the radial bearing 4a becomes 
narrower in the rotational direction of the shaft 2 are pro- 
vided in the radial bearing 4a at three equally-spaced 
positions, so the magnetic fluid 13 flowing into these 
portions are increased in pressure by the dynamic pres- 
sure effect caused due to rotation and, as shown in Fig. 
5A, oil film pressure distributions P 1 occur in corre- 
spondence with the number of the circular arc grooves. 
The peaks of the oil film pressure distributions P 1 take 
place at intervals of 120°, and even if the shaft 2 were 
shifted from the center, the pressure in the reduced gap 
would become high and act so that the shaft 2 is 
returned to the center position. Therefore, the rotational 
center of the shaft 2 is stably held. 

Fig. SB shows an example of the case where bub- 
bles 19 are contained in the sliding surface of the bear- 
ing. In such a case, the oil film breaks locally due to the 
bubbles, so the oil film pressure distributions have 
depressed portions and are relatively reduced in size. In 
addition, the profiles of the pressure distributions P^ dif- 
fer depending upon the contained state of the bubbles 
flowing to the three asymmetrical circular arc surfaces 
16, and the rigidity is reduced and the unstable phe- 
nomenon of the rotating body cannot be avoided. Fur- 
thermore, the bubble removing device depends upon 
the operating environment. If it is used at a high-temper- 
ature region, the oil film thickness will also become thin. 
Since the break in the oil film is enlarged, metals directly 
contact each other and are often worn away abnormally. 

On the other hand, as shown in Figs. 6A and 6B, 
taper land grooves 17 are formed in each of the thrust 
bearings 4b and 4c at three equally-spaced positions. If 
no bubbles 1 9 are contained as with the aforementioned 
case, a normal oil film pressure distribution P 2 will be 
generated as shown in Fig. 6A. If, however, bubbles 1 9 
are contained, the pressure distribution P 2 will become 
as shown in Fig. 6B, as with the aforementioned case, 
and an unstable phenomenon will occur because the 
rigidity is also reduced considerably. 



Also, the state of occurrence of the bubbles 19 is 
slightly varied even by the temperature rise or environ- 
ment change during the operation of the device, and the 
slight variation causes vibration. However, since the 

s magnetic fluid 13 containing no bubbles 19 can be sup- 
plied to the sliding surface of the bearing by providing 
the bubble removing device 9 in the bearing, only the 
viscosity would change even if the temperature of the 
magnetic fluid changed, and an oil film pressure distri- 

io bution is stably formed on the sliding surface of the 
bearing. Therefore, the vibration of the shaft can be 
suppressed and the rotation of the shaft can be main- 
tained with a high degree of accuracy. 

Furthermore, in the bubble removing device 9, as 

15 shown in Fig. 7, a bubble guiding groove 20 is provided 
in the outer peripheral surface of the shaft 2 so that it is 
communicated with the radial flow passage 8 formed in 
the shaft. With this arrangement, the bubbles 19 in the 
oil supply grooves 18a and 18b or in the narrow bearing 

20 gap can be easily collected in the bubble guiding groove 
20 and the removal of the bubbles becomes easy. When 
the bubble guiding groove 20 is provided in the inner 
peripheral surface of the radial bearing 4a, the same 
effect can be obtained. 

25 Fig. 8 shows an embodiment of the case where a 
plurality of radial flow passages 8 are provided in the 
axial direction of the shaft. In this structure the radial 
flow passages 8 are disposed near the corners of the 
thrust bearings 4b and 4c where bubbles 19 easily stay, 

30 so the function of the bubble removing device 9 is 
enhanced. 

Also, as shown in Fig. 9, when if the axial flow pas- 
sage 7 is formed into a spiral groove 21 such as sucking 
fluid inside, the same effect as the aforementioned can 

35 be obtained. 

In addition, in the case that the radial flow passage 
8 of Fig. 10 is provided in the form of a cross so that it 
crosses the axial flow passage 7, surrounding bubbles 
19 can be easily collected in a bubble collecting portion 

40 22 when the device is at a standstill, and magnetic fluid 
13 containing less bubbles can be supplied particularly 
when the device is started. 

Furthermore, Figs. 11 and 12 show the disposition 
of the radial flow passages 8 with respect to the axial 

45 flow passage 7. The radial flow passages 8 are sym- 
metrically disposed with respect to the axial flow pas- 
sage 7. In this case, if the diameter of the axial flow 
passage 7 is set so as to become greater than that of 
the radial flow passage 8, device performance will be 

so enhanced because the circulation of the internal fluid 
and the separating operation can be smoothly per- 
formed. More preferably, if the relative relationship 
between the flow passage area A of the axial flow pas- 
sage 7 and the flow passage area B of the radial flow 

55 passage 8 is within the range of B ^ 0.5A to A, the circu- 
lation of the internal fluid and the separating operation 
can be performed more effectively. For this reason, as 
shown in Fig. 12, the diameter of each of the four radial 
flow passages 8 is further reduced in comparison with 
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the case of two radial flow passages. However, exces- 
sively increasing the number of radial flow passages is 
disadvantageous, because the diameter becomes small 
and therefore bubbles are not easily separated. 

While the function of the bubble removing device 9 s 
and the means for enhancing the function have been 
described, they are also influenced closely by the size 
of the spindle. 

Fig. 13 shows an embodiment limiting the propor- 
tion of a spindle applied to the bearing device of the w 
present invention. Fig. 14A shows the relation of rigidity 
and motor volume with respect to shaft diameter ratio 
d 2 /d 1 and Fig. 14B shows the relation of loss and circu- 
lation quantity with respect to shaft diameter ratio 6^6 2 - 
The outer diameter of a hub is usually determined by is 
the size of a magnetic disk. As shown in Fig. 14 A, if a 
shaft diameter is increased with respect to a disk diam- 
eter, a shaft diameter ratio d 2 /d 1 is also increased. 
Because the rigidity is increased, a rotating body can be 
stably rotated with a high degree of accuracy but a loss 20 
is also increased. Furthermore, in the structure having a 
motor inside a hub, the motor volume is limited and 
therefore the shaft diameter is also limited by the occu- 
pancy factor of the rotor magnet or the stator coil. From 
the limitations the shaft diameter ratio is set to the range 25 
of "g" shown in Fig. 1 4A. In practical use, the shaft diam- 
eter ratio reaches an appropriate value in the range of 
d 2 /d 1 = 0.15 to 0.25. In Fig 14B, even if the shaft diam- 
eter ratio of the shaft diameter d 2 and the shaft hole 
diameter d3 were increased, the circulation quantity of 30 
fluid would show a tendency to saturate. If, on the other 
hand, the shaft diameter ratio is too small, a bubble 
removing effect will be reduced and the number of bub- 
bles will be increased. Therefore, the shaft ratio is set to 
the range of "h" shown in Fig. 4B, and in practical use, it 35 
is set to a value of d^ = 0.3 to 0.6. In the case where 
a device support structure is a cantilever support struc- 
ture like the present invention, the device support struc- 
ture can cope with all possible postures of the device, if 
the structure satisfies the aforementioned values and 40 
also the center of gravity of the rotating body is within 
the span of the bearing. 

Fig. 15 shows an embodiment where a flange por- 
tion 23 is formed integrally on the other end of a shaft 2. 
In Fig. 1 the thrust plate 6 is inserted and fixed to the 45 
other end of the straight shaft 2 and constitutes the 
thrust bearing 4c. However, because the thickness 
dimension of the thrust plate 6 is thin, the parallelization 
accuracy in the thrust plate 6 with respect to the surface 
of the thrust bearing 4c is difficult to assure and also the so 
thrust plate is easily deformed by an impact force. 
These problems can be eliminated at a single stroke by 
integrally forming the flange portion 23 on the shaft 2. 

Fig. 16 shows a vertical sectional view of another 
embodiment of the present invention. For the structure 55 
of the thrust bearing, as with the aforementioned 
embodiment, a thrust plate 6' with a boss portion 36 is 
inserted and fixed to the other end of a straight shaft 2 
with respect to the surface of a thrust bearing 4c. The 



right-angle accuracy in the junction surface of the thrust 
plate 6', opposed to the other end of the shaft 2, is 
assured by a cutting operation. Therefore, the paralleli- 
zation accuracy in the thrust plate 6', opposed to the 
surface of the thrust bearing 4c, is simply assured by 
bonding the junction surface to the shaft 2. 

Fig. 17 shows a vertical sectional view of still 
another embodiment of the present invention. This 
embodiment is characterized in that the aforementioned 
bubble removing device 9 is provided in a bearing 
device having herringbone grooves as a dynamic-pres- 
sure generating means of the bearing portion. 

The bearing device of Fig. 17 is substantially the 
same structure as Fig. 1 . A group of herringbones 24 
are provided in a radial bearing 4a constituted by the 
inner peripheral surface of a bearing 4 and the outer 
peripheral surface of a shaft 2 and also are provided in 
thrust bearings 4b and 4c constituted by the end surface 
of a boss 3 opposed to one end surface of the bearing 
4, the other end surface of the bearing 4, and a thrust 
plate 6. In addition, a bubble removing device 9 is pro- 
vided in the shaft 2, and magnetic fluid 13 is sealed as 
a lubricant. It is beneficial in this embodiment that the 
aforementioned oil supply groove is not provided, 
because the dynamic-pressure effect will be damaged if 
the groove is provided. 

The operation and advantages of this device are 
exactly identical to the previous one. The rotating per- 
formance can be maintained at high accuracy by elimi- 
nating bubbles 19 intermixed on the sliding surface of 
the bearing with the action of the bubble removing 
device 9, and by forming stable oil film pressure on the 
bearing sliding surface with the pumping action of the 
group of herringbones 24. 

Next, a description will be made of the case where 
the bearing device of the present invention is mounted 
in a magnetic disk unit. 

Fig. 18 shows a vertical sectional view of the mag- 
netic disk unit to which an embodiment of the present 
invention is applied. Magnetic disks 25 which are a 
recording medium are clamped to a hub 1 by a clamp 26 
through a spacer 27. The hub 1 is supported through oil 
film by a sliding bearing device according to the present 
invention, and the hub 1 is rotated by a motor 14 dis- 
posed inside the hub 1 . 

Magnetic heads 28 are positioned over both sur- 
faces of the magnetic disk 25. As the magnetic disk 25 
is rotated, the magnetic head 28 floats with a very small 
floating quantity from the magnetic disk 25 by the 
dynamic-pressure effect of gas caused by the rotation of 
the magnetic disk 25. This floating state is kept by gas 
lubrication, and magnetic information is written to or 
read from the magnetic disk 25. 

The magnetic head 28 is coupled to a carriage 30 
through a load arm 29. Also, the carriage 30 is swinga- 
bly supported around a center shaft and constructed so 
that the magnetic head 28 can be positioned over any 
track on the magnetic disk 25. 

Furthermore, a VCM coil 31 is attached to the side 
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of the carriage 30 opposite to the magnetic head 28. A 
motor is formed between the VCM coil 31 and a VCM 
magnet 32 provided on a base plate 1 1 , and the mag- 
netic head 28 can be moved to an arbitrary track posi- 
tion at a high speed. 5 

Also, in order to protect the constitutional parts from 
external dust particles, a cover 33 is attached to the 
base plate 11. 

Thus, the rotating magnetic disk 25 can be sup- 
ported with high-rigidity fluid lubrication by the dynamic 10 
pressure generated by the asymmetrical circular-arc 
bearing 4a and the taper land bearings 4b and 4c pro- 
vided with the bubble removing device 9, so the mag- 
netic disk unit can cope with all possible postures. As 
compared with the case of using a ball bearing, the is 
bearing device of the present invention is reduced in 
sound and effective to mechanical shock. For this rea- 
son, the present invention is also optimum as a spindle 
motor for note type personal computers and sub-note 
type personal computers. 20 

Furthermore, the rotational system rotates through 
a film of oil with non-contact, so the asynchronous vibra- 
tional component is considerably improved and is 
reduced to a value less than 1/10 of a ball bearing. 
Therefore, with the effect of reducing the asynchronous 25 
vibrational component, track density is enhanced and 
high-density recording becomes possible, so device 
size can be reduced and device capacity can be 
increased. Magnetic disks are not allowed to be con- 
taminated with oil, but they can be used under a clean 30 
environment by the effective sealing device. 

While a description has been made of the case 
where the bearing device according to the present 
invention is applied to a magnetic disk unit, the same 
advantageous effects are also obtainable for an optical 35 
disk unit where magnetic disks are replaced with optical 
disks. In addition, even when the bearing device accord- 
ing to the present invention is employed in laser-beam 
polygon mirror motors and VTR cylinder motors, the 
same operation and advantageous effects are obtaina- 40 
We. 

As described above, the bearing device of the 
present invention and the spindle motor using the bear- 
ing device are provided with means for removing bub- 
bles from the dynamic-pressure generating portion of 45 
the sliding bearing where a lubricant is sealed. There- 
fore, because an appropriate lubricating film is formed 
on the dynamic-pressure generating portion, a suitable 
pressure distribution can be formed, the rigidity of the 
bearing is enhanced, and the high-accurate rotational so 
performance of the device can be maintained. 

In addition, by using the aforementioned bearing 
device or the spindle motor, operational characteristics 
become stable and there can be provided magnetic disk 
units, optical disk units, laser beam printers, and video 55 
tape recorders where the reliability of device operation 
is better. 



Claims 

1. A bearing device rotatably supporting a shaft by a 
sliding bearing where a lubricant is sealed, com- 
prising bubble removing means which is operated 
by rotation of said shaft and removes bubbles from 
a bearing surface of the sliding bearing. 

2. A bearing device rotatably supporting a shaft by a 
sliding bearing where a lubricant is sealed, com- 
prising: 

a first flow passage formed in said shaft along 
a rotational axis direction of said shaft; 
a second flow passage connected from said 
first flow passage to the outer peripheral sur- 
face of said shaft opposed to a bearing surface 
of said sliding bearing; 

an end of said first flow passage opposite to 
said second flow passage connected to an 
opening provided in one end surface of said 
shaft; and 

a third flow passage connecting said bearing 
surface to said opening. 

3. A bearing device according to claim 2, wherein said 
third flow passage is provided as a lubricant sink 
which covers the end surface of the shaft in which 
said opening is provided. 

4. A bearing device including a shaft fitted in a hub 
and a sliding bearing contacted internally with a 
housing and sealing a lubricant in a gap between 
said shaft and said sliding bearing to rotatably sup- 
port said shaft, the bearing device comprising: 

a radial bearing with dynamic-pressure gener- 
ating means provided in either an inner periph- 
eral surface of said sliding bearing or an outer 
peripheral surface of said shaft; 
a first thrust bearing having a bearing surface 
provided at one end on the hub side of said 
radial bearing so as to be opposed to a boss 
end surface of said hub and dynamic-pressure 
generating means provided on either said 
bearing surface or said boss end surface; 
a flange provided on an end of said shaft; 
a second thrust bearing having a bearing sur- 
face provided at the other end of said radial 
bearing so as to be opposed to a surface on the 
hub side of said flange and dynamic-pressure 
generating means provided on either said 
bearing surface or the flange surface opposed 
to the bearing surface; 

first and second flow passages formed in said 
shaft, the first flow passage extending along 
the rotational axis direction of the shaft and 
being opened at the end of the shaft opposite 
to the end of the shaft fitted in the hub. and the 
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second flow passage being connected from 
said first flow passage to the outer peripheral 
surface of said shaft opposed to said bearing 
surface of the sliding bearing; 
a space famed by said flange and said hous- s 
ing around the end surface of said shaft on 
which the flange is provided, the space being 
connected to the surface of said second thrust 
bearing; and 

a lubricant sealed in said bearing surface and 10 
said space. 

5. A bearing device according to claim 4, wherein said 
space is formed by a seal cap firmly attached to 
said housing. is 

6. A bearing device according to claim 4, wherein a 
bubble guide groove is provided in either said outer 
peripheral surface of the shaft or said inner periph- 
eral surface of the radial bearing. 20 

7. A bearing device according to claim 4, wherein said 
second flow passage comprises a plurality of flow 
passages provided in said rotational axis direction 

of the shaft. 25 

8. A bearing device according to claim 4, wherein a 
spiral groove is formed in the surface of said first 
flow passage so that said lubricant is sucked from 
said opening provided in the shaft end surface into 30 
said first flow passage by rotation of said shaft. 

9. A bearing device according to claim 4, wherein said 
second flow passage comprises a plurality of flow 
passages which extend from said first flow passage 35 
in the radial direction of said shaft and which are 
disposed on the outer peripheral surface of said 
shaft at equal intervals. 

10. A bearing device according to claim 4, wherein a 40 
diameter ratio of the diameter of said shaft to the 
diameter of said hub is set to a range of 0. 1 5 to 0.25 
and a diameter ratio of the diameter of said first flow 
passage to the diameter of said shaft is set to a 
range of 0.3 to 0.6. 45 

11. A spindle motor having a shaft fitted in a hub, a 
housing provided in opposition to said hub, a stator 
attached to said housing, and a rotor magnet 
opposed to said stator and provided in said hub, so 
comprising: 
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face of said shaft opposed to a bearing surface 
of said sliding bearing; 

an end of said first flow passage opposite to 
said second flow passage connected to an 
opening provided in one end surface of said 
shaft; and 

a third flow passage connecting said bearing 
surface to said opening. 

12. A magnetic disk unit comprising magnetic disks, a 
hub to which said magnetic disks are clamped by a 
damp, a shaft fitted in said hub, a housing provided 
in opposition to said hub, a stator attached to said 
housing, and a rotor magnet opposed to said stator 
and provided in said hub, the magnetic disk unit fur- 
ther comprising bubble removing means which is 
operated by rotation of said shaft and removes bub- 
bles from a bearing surface of the sliding bearing. 

13. A magnetic disk unit according to claim 12, wherein 
said bubble removing means is constituted by 

a first flow passage formed in said shaft along 
a rotational axis direction of said shaft; 
a second flow passage connected from said 
first flow passage to the outer peripheral sur- 
face of said shaft opposed to a bearing surface 
of said sliding bearing; 

an end of said first flow passage opposite to 
said second flow passage connected to an 
opening provided in one end surface of said 
shaft; and 

a third flow passage connecting said bearing 
surface to said opening. 

14. A magnetic disk unit according to claim 13, wherein 
a diameter ratio of the diameter of said shaft to the 
diameter of said hub is set to a range of 0. 1 5 to 0.25 
and a diameter ratio of the diameter of said first flow 
passage to the diameter of said shaft is set to a 
range of 0.3 to 0.6. 
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a sliding bearing rotatably supporting said 
shaft, said sliding bearing being sealed with a 
lubricant; 55 
a first flow passage formed in said shaft along 
a rotational axis direction of said shaft; 
a second flow passage connected from said 
first flow passage to the outer peripheral sur- 
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FIG. 2 




10 



7/11/06, EAST Version: 2.1.0.11 



EP 0 769 628 A1 



FIG. 3 
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FIG. 4A 
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FIG. 5A 
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FIG. 6A 




FIG. 6B 
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FIG. 13 
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FIG. 14A 
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